To examine the association of physical activity and body mass index (BMI), and their combined effect, with the risk of total, cardiovascular disease (CVD) and cancer mortality. DESIGN: Prospective follow-up study. SUBJECTS: In all, 22 528 men and 24 684 women aged 25-64 y at baseline having 7394 deaths during a mean follow-up of 17.7 y. MEASUREMENT: A self-administered questionnaire data on smoking, socioeconomic factors, physical activity and medical history, together with measured height, weight, blood pressure and serum cholesterol using standardized protocol. RESULT: Physically active subjects had significantly lower age-adjusted mortality from cardiovascular, cancer and all causes compared with sedentary ones. Further adjustment for smoking, systolic blood pressure, cholesterol, BMI, diabetes and education affected the results only slightly. Obese subjects (BMIZ30 kg/m 2 ) had significantly higher cardiovascular and total mortality than the normal weight (18.5rBMIo25 kg/m 2 ) subjects. Part of increased mortality among obese subjects was mediated through obesity-related cardiovascular risk factors. BMI had an inverse association with cancer mortality among men and almost significant direct association among women. Total mortality was also increased among the lean (BMIo18.5 kg/m 2 ) subjects. However, less than 0.3% of deaths were attributed to low body weight, whereas in men 5.5% and in women 17.7% of deaths were attributed to obesity. CONCLUSION: Regular physical activity and normal weight are both important indicators for a decreased risk of mortality from all causes, CVD and cancer. Physical activity had a strong independent effect on mortality, whereas the effect of BMI was partly mediated through other obesity-related risk factors.
Introduction
Sedentary lifestyle and obesity are important lifestyle-related public health problems throughout the world.
1-3 Physical inactivity and excess body mass are associated with a number of health-related risk factors, and are also independent risk factors for cardiovascular disease (CVD), type 2 diabetes and several types of cancer. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] The prevalence of inactivity and obesity, and their negative health consequences, are rapidly increasing in both developed and developing countries. 1, 2, 13 Several recent reviews have evaluated the relationship of physical activity with CVD, cancer and all-cause mortality. 5, 6, 10 It was concluded that individuals who report regular physical activity are less likely than sedentary individuals to die from coronary heart disease, CVD, certain cancers and all causes. Several, but not all, previous studies have reported a curvilinear association between body weight and mortality, in which the risk is increased among both the leanest and the heaviest persons. 10, [14] [15] [16] [17] [18] [19] [20] [21] In most studies, the increased risk in the leanest individuals attenuated or even disappeared after excluding smokers or subjects with pre-existing diseases.
A few previous studies have assessed combined effects of obesity and physical fitness on mortality. 20, [22] [23] [24] [25] Moderate or high level of cardiorespiratory fitness is most probably protective against the excess mortality both among normal weight and obese individuals. However, data on the joint associations of physical activity and body weight with mortality are scarce and available in men only. 26, 27 The aim of the present study was to examine the associations of physical activity and body mass index (BMI), and their combined effect, with the risk of total, CVD and cancer mortality. In addition, the population attributable mortality fractions in different BMI categories were determined.
Materials and methods

Subjects
Six independent cross-sectional population surveys were carried out in Kuopio and North Karelia provinces in eastern Finland in 1972 Finland in , 1977 Finland in , 1982 Finland in , 1987 Finland in , 1992 Finland in and 1997 . 28 The survey areas were expanded to Turku-Loimaa region in southwestern Finland in 1982, the Helsinki capital area in 1992 and northern province of Oulu in 1997. In 1972 and 1977, a randomly selected sample 6.6% of the population born between 1913 and 1947 was drawn. Since 1982, the sample was stratified by area, gender and 10-y age group according to the WHO MONICA (MONItoring trends and determinants of CArdiovascular disease) protocol. 29, 30 In all surveys, the subjects included were 25-64 y of age. Subjects who participated in more than one survey are included only in the first survey cohort. The total sample size of the six surveys was 52 058. The participation rate varied by year from 74 to 88%. 28 Subjects previously diagnosed with coronary heart disease (n ¼ 1252), stroke (n ¼ 423), heart failure (n ¼ 1732) and cancer (n ¼ 138) at baseline, and subjects with incomplete data on any required factors (n ¼ 1301), were excluded of the study. The final sample comprised 22 528 men and 24 684 women. The surveys were conducted according to the ethical rules of the National Public Health Institute, and the investigations were carried out in accordance with the Declaration of Helsinki.
Baseline measurements
A self-administered questionnaire was mailed to the participants in advance. It included questions about smoking, socioeconomic factors, physical activity and medical history. Based on the responses, the participants were classified as never, ex-and current smokers. Education level, measured as the total number of school years, was divided into birth cohort-specific tertiles. Questions on physical activity included both occupational and leisure time physical activity. A detailed description of the questions is presented elsewhere, 9, 11, 12, 31, 32 and these questions were the same as those used in the studies in the Nordic countries 7, 9, 11, 12, [31] [32] [33] [34] and similar to those used and validated in the 'Seven Countries Study'. 35 The subjects reported their occupational physical activity according to the following three categories: 'light' when it was physically very easy, sitting office work, for example, secretary; 'moderate' when it included standing and walking, for example, store assistant, light industrial worker; and 'active' when it included walking and lifting, or heavy manual labor, for example, industrial or farm work. Self-reported leisure time physical activity was classified into three categories: 'low' when subjects were almost completely inactive, for example, reading, watching TV or doing some minor physical activity, but not of moderate or high level; 'moderate' when they engaged in some physical activity of more than 4 h a week, for example, walking, cycling, light gardening, but excluding travel to work; and 'high' when they performed vigorous physical activity of more than 3 h a week, for example, running, jogging, swimming and heavy gardening, or regular exercise and competitive sports several times a week. Occupational and leisure time physical activity were merged and regrouped into three categories: 'low' when subjects reported light levels of both occupational and leisure time physical activity; 'moderate' when subjects reported moderate or high level of either occupational or leisure time physical activity; and 'high' when subjects reported moderate or high level of both occupational and leisure time physical activity. At the study site, specially trained research nurses measured height, weigh and blood pressure using a standardized protocol. 29 Interactions between physical activity and BMI, and between smoking and BMI and age and BMI were tested. To avoid the potential bias due to early mortality in people with low activity and the low BMI due to a potential subclinical disease, we repeated the analyses after excluding the subjects who deceased during the first 2 y of the follow-up. Based on BMI distribution of the study population, the population attributable mortality fraction was calculated by dividing the population attributable-risk with different BMI levels by the mortality rate in the total population.
Results
During a mean follow-up period of 17.7 y, 7394 deaths were recorded, of which 3378 (46%) were due to CVD and 2039 (28%) were due to cancer. General characteristics of the study population at baseline are presented in Table 1 . In general, physically active subjects were younger, and had a lower BMI, blood pressure, serum cholesterol and a lower prevalence of smoking compared with the inactive subjects. The age and study year adjusted hazard ratios associated with light, moderate and high physical activity in men were 1.00, 0.64, 0.53 (Po0.001 for trend) for total mortality, 1.00, 0.69, 0.58 (Po0.001 for trend) for CVD mortality, and 1.00, 0.73, 0.66 (Po0.001 for trend) for cancer mortality, respectively (Table 2 ). In women, the corresponding hazard ratios were 1.00, 0.59, 0.52 (Po0.001 for trend) for total mortality, 1.00, 0.57, 0.47 (Po0.001 for trend) for CVD mortality, and 1.00, 0.81, 0.69 (P ¼ 0.001 for trend) for cancer mortality. After a further adjustment for education, smoking, systolic blood pressure, cholesterol, history of diabetes at baseline and BMI, these inverse associations did not appreciably change. These inverse associations also remained significant (data not shown) after excluding the subjects who deceased during the first 2 y of follow-up, except the association of cancer mortality, which became marginally significant among men (P ¼ 0.09). The inverse association between physical activity and mortality was even stronger, when the time of follow-up was limited to 10 y (data not shown).
Total mortality was increased both among lean and obese subjects (Table 3) . Compared with subjects with normal BMI, the hazard ratios were 2.72 and 1.24 in men and 2.07 and 1.37 in women in lean and obese subjects, respectively. Further adjustment for cardiovascular risk factors reduced the obesity-associated relative risk in men and both obesityand leanness-associated relative risk in women. Exclusion of the subjects who deceased during the first 2 y of follow-up did not change the results (data not shown). The association between obesity and mortality weakened slightly, when the follow-up time was limited to 10 y (data not shown).
Among men, BMI had a direct association with CVD mortality, which was partly mediated through other obesityassociated CVD risk factors (Table 3) . Among women, increased CVD mortality was also observed among the lean subjects. These associations did not substantially change after the additional exclusion of the subjects who deceased during the first 2 y of follow-up (data not shown). BMI had a significantly inverse association with cancer mortality among men and a marginally significant direct association Physical activity, BMI and mortality G Hu et al among women after adjustment for all confounding factors. These associations weakened in men and strengthened in women when the subjects who deceased during the first 2 y of follow-up were excluded (P-value for trend, 0.06 and 0.05, men and women, respectively).
Even though the hazard ratios for total mortality were higher in lean than obese subjects, population attributable mortality fraction was markedly higher among the obese subjects. In this study population, 50 deaths were observed among the lean subjects and Physical activity, BMI and mortality G Hu et al deaths were attributed to low body weight and 5.5% to obesity. Among women, these proportions were 0.3 and 17.7%. Among lean men, the majority of deaths were due to cancer (35%), particularly lung cancer (17%), and chronic obstructive pulmonary diseases (17%). Among lean women, most of the deaths were due to CVD (52%).
In the analyses stratified by the smoking status, statistically significant increased total mortality was observed among the obese men in all smoking categories ( Table 4 ). The obesity associated with hazard ratios was 1.78 among never smokers, 1.48 among ex-smokers and 1.14 among current smokers. In obese women, total mortality was increased among never and ex-smokers. The hazard ratios were 1.39 and 1.28, respectively. Also, lean subjects tended to have higher mortality compared with the normal weight subjects, but a statistically significant increase was observed only in smoking men and never smoking women. The interaction between the smoking status and BMI on total mortality was significant in both genders (Po0.001 in men and P ¼ 0.002 in women).
In the analyses stratified by age group, total mortality was increased both among lean and obese subjects regardless of age (Table 5) . Obesity-related hazard ratio was slightly higher in the younger age group, whereas the absolute risk difference was much larger in the older age group (271/ 10 000 person-years in men and 176/10 000 person-years in women, compared to younger age group of 103/10 000 person-years in men and 51/10 000 person-years in women). Among lean subjects, the relative risk was higher and statistically significant only in the older age group. The interaction between age and BMI on total mortality was significant only in men (P ¼ 0.002) and almost significant in women (P ¼ 0.10). Figure 1 shows the joint association between physical activity and BMI with mortality. The subjects were classified into four categories: (i) both active and nonobese (BMIo30 kg/m 2 ) (reference group), (ii) active but obese, (iii) inactive but nonobese, and (iv) both inactive and obese. Among the inactive and obese men, compared with the reference group, the hazard ratios for CVD, cancer and total mortality were 2.09 (95% confidence interval (CI), 1.68-2.59), 1.30 (95% CI, 1.01-1.76) and 1.78 (95% CI, 1.51-2.08), respectively. Among women, the hazard ratios were 2.18 (95% CI, 1.83-2.61), 1.52 (95% CI, 1.18-1.97) and 2.10 (95% CI, 1.86-2.38), respectively. The hazard ratios remained statistically significant, except cancer mortality in men, after exclusion of subjects who deceased during the first 2 y of follow-up (data not shown). In general, physical activity decreased the mortality both among obese and nonobese people. The only significant interaction between physical activity and BMI was found on total mortality among men (P ¼ 0.003). Physical activity, BMI and mortality G Hu et al
Discussion
The results of the present large population-based prospective study demonstrate that both physical activity and BMI levels predict the risk of death among middle-aged men and women. Physical activity had a strong independent effect on mortality, whereas the effect of obesity was partly mediated through other obesity-related risk factors such as serum cholesterol, blood pressure and diabetes. Increased mortality was also observed among the very lean subjects. Smoking was an important effect modifier in the association between BMI and mortality, and among lean subjects, the mortality was particularly high among smokers. However, the number of deaths among the lean subjects was small, and the population attributable mortality fraction associated with low body weight was less than 0.3%. On the other hand, in men 6% and in women 18% of deaths were attributed to obesity. Some prospective studies examining the association between BMI and total mortality have reported varying findings, including a U-or J-shaped, 14, 15, 18, 19 direct association 16, 17 or no association. 20, 24 Most studies, 4, 15, 18, 19 but not all, 20 have indicated that overall obesity assessed by BMI is associated with increased CVD mortality. In the present study, we found that obese men and women (BMIZ30 kg/ m 2 ) had a significantly increased risk for total and CVD mortality, and the leanest men and women (BMIo18.5 kg/ m 2 ) had a significantly increased risk for total mortality compared with men and women with normal BMI (18.5-24.9 kg/m 2 ). The excess cancer mortality among obese women was related to a significantly increased risk of death from breast, stomach, ovary and pancreas cancers in this population (data not shown).
A recent review on guidelines for healthy weight by Willett et al 2 pointed out three potential methodologic problems that can distort the association between obesity and health outcomes. The most serious problem is reverse causation, another major concern is the adequate control for confounding factors, and the third problem is the physiologic effects of obesity such as promoting hypertension, diabetes and dyslipidemia. The two latter issues were controlled for statistically in our study. Also, we excluded the subjects with history of coronary heart disease, stroke, heart failure and cancer at baseline, and carried out sensitivity analyses also excluding subjects who deceased during the first 2 y of follow-up. The exclusion of early death events did not change our results. This was understandable because subjects with prevalent CVD and cancer were excluded already at baseline. However, also in our study, the association between obesity and mortality tended to strengthen with the length of follow-up time, which may be related to the reverse causation. Previous studies have shown that relative long follow-up is needed to demonstrate the negative health effects of obesity. 36 In analyses stratified by the smoking status, a U-shaped association between BMI and total mortality was found among women who had never smoked and among men in all smoking categories. As expected, adjustment for the obesity-related risk factors, such as blood pressure, diabetes and lipids, weakened the association between obesity and mortality, but nevertheless did not eliminate it.
Our results are consistent with the findings of a number of prospective studies about the strong inverse association of physical activity and physical fitness with incidence of coronary heart disease and stroke, as well as total and CVD mortality. 5, 6, 10 In this study, we also indicated that regular physical activity reduced risk of total cancer mortality among both men and women. Only one study found that physically active men were at lower risk for total cancer mortality than sedentary men, but among women, physical activity was unrelated to cancer mortality. 37 In general, these studies have reached a similar conclusion that the protective effect of physical activity is found in different population groups and is usually stronger in women than in men. 5 Occupational physical activity has been largely ignored in 38 In our analyses, we included occupational physical activity as a component in the total physical activity; however, we had no measures of cardiorespiratory fitness.
A few prospective studies have evaluated the joint associations of physical activity, physical fitness, body weight with total and CVD mortality, but the data are especially scarce among women. The Aerobit Center Longitudinal Study found that low cardiorespiratory fitness was a strong and independent predictor of CVD and total mortality among both men 22 and women, 24 independent of body composition and other CVD risk factors. Furthermore, they also indicated that overweight or obese men with moderate to high levels of cardiorespiratory fitness had a significantly lower risk of total and CVD mortality than normal weight or overweight men with low level of cardiorespiratory fitness. 22, 23 The Lipid Research Clinics Study also assessed the effect of fitness and fatness on longevity using data from 2506 men and 2860 women of mean age 46 y. 25 There was an Figure 1 Hazard ratios for total, cardiovascular and cancer mortality according to levels of physical activity (low vs moderate or high) and BMI (o30 vs Z30 kg/ m 2 ). Adjusted for age, study year, education, smoking, systolic blood pressure, total cholesterol and diabetes at baseline. ) men. The result from the first National Health and Nutrition Examination Survey assessed the CVD mortality rates among subjects with different levels of physical activity and BMI. 8 CVD mortality rates were highest among those with both the least physical activity and obesity. On the other hand, the lowest CVD mortality rates were found among those with more exercise and normal weight. 8 Our finding supports the above hypothesis that the adequate level of either occupational or leisure time physical activity or both can protect against the premature death in overweight and obese individuals. If this hypothesis represents a causal relation, this approach is relevant to the improvement of health and longevity among overweight and obese persons. Weight reduction in obese people reduces the risk of mortality and CVD risk, 3 but it is well known that weight reduction is very difficult and at best only a marginal weight reduction may be achieved. 39 Therefore, it is important to also identify other ways to reduce the mortality and morbidity risks. It seems that increased physical activity is useful in this respect. Recent intervention studies on prevention of type 2 diabetes in high-risk subjects have demonstrated that increased physical activity will result in a lower incidence of diabetes. [40] [41] [42] Thus, it can be assumed that this may also lead to a reduced risk of CVD, although the data are still only indirect thus far. There are several strengths and limitations in our study. First, our study is population-based comprising a large number of both men and women from a homogeneous population. The median follow-up, 17.7 y, was sufficiently long during which a large number of CVD and cancer end point events were ascertained without losses of follow-up. Second, occupational physical activity was also included in the total physical activity. A limitation of our study was the self-report of physical activity, and that physical activity was recorded only ones at baseline. Using a questionnaire to assess habitual physical activity is crude and imprecise, but the questionnaire method used has been validated in a large number of studies in Finland and other Nordic countries using either a cross-sectional or prospective design. Changes of physical activity behaviors among the cohort members over time also causes misclassification, which increases with the length of follow-up. Misclassification of the exposure status, both at baseline and during the follow-up, leads to an underestimation between physical activity and the outcome. Also, in our study the inverse association between physical activity and mortality was stronger, when the follow-up time was limited to 10 y. Another limitation is that alcohol drinking, which could have affected the association of BMI and total mortality, was not available for our analysis in a standardized manner across the surveys. In the joint categories of physical activity and BMI, we chose active/ inactive and obese/nonobese as cutpoints. This selection seemed to be reasonable because the beneficial effect of moderate and high physical activity and harmful effect of obesity for total, CVD and cancer mortality were significant in the present study.
In conclusion, our study confirmed that regular physical activity and normal weight are both important indicators for a decreased risk of mortality from all causes, CVD and cancer. Physical activity had a strong independent effect on mortality, whereas the effect of BMI was partly mediated through other obesity-related risk factors. Regular physical activity decreases mortality both among normal weight and obese individuals.
